Abstract. In order to describe large transverse momentum (p T ) distributions observed in high energy nucleus-nucleus collisions, a stochastic model in the three dimensional rapidity space is introduced. The fundamental solution of the radial symmetric diffusion equation is Gaussianlike in radial rapidity. We can also derive a p T or radial rapidity distribution function, where a distribution of emission center is taken into account. It is applied to the analysis of observed large p T distributions of charged particles. It is shown that our model approaches to a power function of p T in the high transverse momentum limit.
INTRODUCTION

In high energy nucleus-nucleus collisions, colliding energy
√ s NN per nucleon grows up to √ s NN = 200 GeV, and secondary particles with transverse momentum p T more than 10 GeV/c are observed. The observed p T distributions have long tail compared with exponential distribution in p T . As is well known, the fundamental solution of stochastic process is Gaussian if variables in the Euclidian space are used. Therefore, as long as we consider stochastic equations in the transverse momentum space, it is very hard to describe observed p T distributions. This fact suggests that a relativistic approach to the stochastic process would be needed.
In Ref. [1] , an empirical formula for large p T distributions at polar angle θ = π/2,
was proposed from the analogy of Landau's hydrodynamical model. Polar angle θ (0 ≤ θ ≤ π) is measured from the beam direction of colliding nuclei or incident particles. In Eq. (1), E denotes energy of an observed particle, L T is a parameter, and y T is called the "transverse rapidity". Equation (1) well describes large p T distributions for p + p → π 0 + X and p + p → π ± + X . However, it cannot be derived from the hydrodynamical model. As for the relativistic approach to the stochastic equation, we consider the diffusion equation in the three dimensional rapidity space or Lobachevsky space, which is nonEuclidean. In order to specify longitudinal and transverse expansions, it would be appropriate to consider the diffusion equation in the geodesic cylindrical coordinate, where longitudinal rapidity y, transverse rapidity ξ and azimuthal angle φ are used. The longitudinal rapidity y, and the transverse rapidity ξ are defined respectively as,
where E, p L , p T and m denote energy, longitudinal momentum, transverse momentum, and mass of the observed particle, respectively, and m T = p 2 T + m 2 . The diffusion equation in the geodesic cylindrical coordinate is given by,
where D denotes a diffusion constant. However, we cannot solve Eq. (2) analytically at present. Therefore, we should consider somewhat simpler case.
We have proposed the relativistic diffusion model, and analyzed large p T distributions for charged particles in Au + Au collisions [2] , where a radial flow effect is not included.
In section 2, the relativistic diffusion model is briefly explained. A distribution of the initial radial rapidity is taken into account. It would correspond to the distribution of radial flow. In section 3, large p T distributions for charged particles observed at RHIC [3, 4] are analyzed. The magnitude of radial flow is estimated from p T distributions. In section 4, high transverse momentum limit of our model is taken and relation to Hagedorn's model for p T distribution inspired by the QCD is discussed. Final section is devoted to summary and discussions.
DIFFUSION EQUATION WITH RADIAL SYMMETRY IN THE THREE DIMENSIONAL RAPIDITY SPACE
For simplicity, we consider the diffusion equation with radial symmetry in the geodesic polar coordinate system,
with an initial condition,
In Eq. (3), ρ denotes the radial rapidity, which is written with energy E, momentum p and mass m of observed particle as,
Inversely, energy and momentum are written respectively as
The solution of Eq. (3) with the initial condition (4) is given [5] by
From Eq. (7), the following equation is obtained;
In Eq. (7), ρ 0 denotes the radial rapidity of an emission center. It would be identified to the radial flow rapidity. We have estimated radial flow rapidity using Eq. (7) [6] .
If the distribution of ρ 0 is taken into account, it would be reasonable to assume that it distributes randomly with dispersion σ 2 0 ;
Then the distribution function of radial rapidity is given by the following equation,
Equation (9) is obtained form Eq. (8), if 2Dt is replaced by σ 2 T . Parameter σ 2 T is connected to the moment of ρ 0 as,
If we assume that Eq. (11) should coincide with the Maxwell-Boltzmann distribution, we have an identity, k B T = mσ (t) 2 , where k B is the Boltzmann constant. Then, Eq. (10) reduces to
When, σ 2 0 << 1 or ρ 2 0 << 1, Eq. (10) is written as, σ
ANALYSIS OF LARGE P T DISTRIBUTIONS OF CHARGED PARTICLES
Transverse momentum distributions of charged particles observed by STAR [3] and PHENIX [4] Collaborations are analyzed by Eq. (9). Data are taken at θ = π/2. In this case, the identity, ρ = y T = ξ , is satisfied. The results on the data by STAR Collaboration are shown in Fig. 1 and Table 1 . Information on radial flow is extracted by the use of Eq. (12) under the assumption that the hadronization temperature is constant irrespective of centrality. The results are shown in Fig.1b . The mean radial flow rapidity, ρ 2 o 1/2 , depends on centrality very weakly, if it is less than 60%. At k B T = 0.13 GeV, ρ 2 o 1/2 ≃ 0.57 for centrality < 60%. The results on the data by FHENIX Collaboration are shown in Fig. 2 and Table 2 . Estimated value of ρ 2 o 1/2 is somewhat larger than that from STAR Collaboration at the same temperature. 
